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IKA

Hyytiälä

Arctic circle

Measurement site

UH Hyytiälä Station
(61.84 N , 24.29 E)

• EU ACTRIS Cloud profiling 
station

• Extensive precipitation 
measurements since 2014

FMI Ikaalinen weather radar
(61.77 N, 23.08 E)
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2014

BAECC
DOE AMF2  & 
NASA GPM GV

2016

C-band radar

2017

W-band Radar

2018

MWR

HATPRO
22-31 GHz and 51-59 GHz 
multichannel radiometer, 

tropospheric humidity and 
temperature profiles

PIP
Precipitation video imaging, 

particle size distributions
including fall velocities

(NASA)

Weather radar
5.6 GHz  C-band, 

hydrometeor profiles

Cloud radar
94 GHz  W-band, 

hydrometeor profiles

Cloud radar
35 GHz  K-band, 

hydrometeor profiles
(FMI)

SAKU III
Precipitation holographic imaging, 

fine details of particles’ shapes
(University of Oulu)

Rain profiler
24 GHz  K-band, 

precipitation profiles

Double Fence Intercomparison Reference
Wind shield for precipitation measurements,
instruments on the centre platform:
- 2D video distrometer (FMI)
- optical distrometer (2 pieces, FMI)
- weighing precipitation gauge (NASA)

Transition to EU 
research 
infrastructure
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UH HYYTIÄLÄ RESEARCH STATION

Continuous snow
microphysical and
multi-frequency
radar observations
allows to test
different particle
scattering models.
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SNOWFALL MEASUREMENTS
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4834 J. Tiira et al.: Ensemble mean density and its connection to other microphysical properties

Figure 7. Evolution of snowfall intensity, ensemble mean density
and particle size distribution parameters during 18 March 2015 with
associated (v, D) from three selected time intervals (highlighted in
gray). The red dashed lines mark the upper and lower velocity limits
where for a given D the KDE value is higher than half maximum.

of ⇢ and Nw, as shown in Fig. 8, shows considerable similar-
ities, suggesting a strong correlation.

The velocity–diameter fits shown represent a low en-
semble mean density (⇢ = 0.05g cm�3) time interval of
01:03–01:16 (Fig. 8b) and two intervals of 22:30–22:52 and
02:06–02:14 (Fig. 8a, c) with higher values of ⇢, 0.10 and
0.12 g cm�3, respectively. Notable is the higher modal fall
velocities and the absence of particles larger than 3 mm in
the high density time intervals compared to the distribution
in Fig. 8b.

4.2 v–D and density

In Fig. 9, particle fall velocity versus diameter data points
combined from all the cases in Table 1 are divided into three
categories according to the snow ensemble mean density of
the time interval during which particles were observed. A
least squares fit is applied to observations in each ⇢ range us-
ing the same procedure as for velocity–dimensional fits for
integration time intervals, as described in Sect. 3.5. The total
number of observed particles is roughly 4 440 000, and for

Figure 8. Evolution of snowfall intensity, ensemble mean density
and particle size distribution parameters during the night between
the 22 and 23 January 2015 with associated (v, D) from three se-
lected time intervals (highlighted in grey). The red dashed lines
mark the upper and lower velocity limits where for a given D, the
KDE value is higher than half maximum.

each density category numbers of particles included in the
fitting process (within the red lines in Fig. 9) are approxi-
mately 1 140 000, 1 190 000 and 360 000, respectively. The
fitted relations for ensemble mean density ranges are

v(D) = 0.834D

0.217 0.0 < ⇢  0.1g cm�3
, (11)

v(D) = 0.895D

0.244 0.1 < ⇢  0.2g cm�3 and (12)

v(D) = 0.906D

0.256
⇢ � 0.2gcm�3

, (13)

with RMSE values of 0.30, 0.30 and 0.35 m s�1, respectively.
The coefficient is increased with density indicating higher

fall velocities with more dense particles. There is also a
clear increase in the slope of the fitted curve from the low-
est density range to the 0.1–0.2 g cm�3 range indicated by
the increase in the power term. With particles in the high-
est density range the observed size distribution is narrow and
hence the correlation between particle size and fall velocity
is weak, and it is difficult to find an unambiguous relation be-
tween them. All things considered, the results are in line with
the conclusion made by Barthazy and Schefold (2006) that

Atmos. Meas. Tech., 9, 4825–4841, 2016 www.atmos-meas-tech.net/9/4825/2016/

18.03.2015

• PSD, v(D) – PIP, 2DVD

• Precipitation rate – 2 weighing
gauges inside and outside of
the DFIR

• 2x 3D anemometers at the
heights of instrument sampling
volumes

• Snowflake m(D) are retrieved
from v(D) following

(Mitchell and Heymsfield (2005);
Heymsfield and Westbrook (2010))

Tiira et al., 2016
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RETRIEVED ICE PARTICLE MASSES
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• Snowflakes are about 3 times 
heavier than Brown and Francis

• Indicates more riming growth
• Which is probably caused by 

stronger surface coupling and 
warmer temperatures
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NORMALIZED PSD IN FALLING SNOW
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• Normalized PSD 
using different D 
definitions and D 
normalizations

• Deq is similar to 
Delanoe et al., 
2014

• The normalized 
PSD shapes are 
similar to those 
reported in 
literature
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(a)

(b)

• PSD parameter distributions and 
their dependence on T are different 
from Delanoe et al., 2014

• But the difference can be explained 
by heavier particles
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Observed snowflake masses and
properties of three different particle
models.
The fractal model was designed to fit
our observations, while the other two
models are generated by mimicking
physical processes.

Tyynelä fractals

Observed snowflake masses Aggregates LM2015 Rimed snowflakes LS2015
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RCS ESTIMATION FROM SCATTERING DATABASE

• Using retrieved m and
Dmax particle RCS is
selected from a
scattering database

• For this, the nearest
neighbor interpolation
is used

• It should be noted
that both m and Dmax
should be used

10.10.2018 10

log(RC
S)
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AVERAGE Z-S RELATIONS AT DIFFERENT FREQUENCIES

• Relations are computed using m(D), PSD, v(D) and DDA single 
scattering RCS

• Higher the radar frequency smaller is the spread
• How does it translate to snowfall rate estimate errors?

10.10.2018 11
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INSTANTANEOUS Z-S RELATIONS

• The exponents of the relations are computed by minimizing 
RMSE in the estimated snowfall rate. For Ku: b = 1.76, Ka: 
b=1.26, W: b=1.07

10.10.2018 12



Institute for 
Atmospheric and Earth 
System Research 10.10.2018 13

• SR retrieval using Ku and Ka observations (for more info 
see P127 (GCPEx) and P215)
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Journal of Geophysical Research: Atmospheres 10.1002/2016JD026272

Figure 4. KAZR reflectivity, Doppler velocity, and HSRL measurements for 21–22 February 2014 event.

presented in the figure are just a linear interpolation between the values retrieved immediately before and
after the above mentioned period. It should be noted that most of the precipitation accumulation during this
event was between 2300 and 0000 UTC, when aggregation was taking place.
3.1.2. The 20 March 2014 Event
The second case study is of the snowfall event that took place on 20 March 2014. The total precipitation accu-
mulation during this event is 4.3 mm. The event is a textbook example of a typical winter precipitation event
in Southern Finland, where similarly to the 21 February event, there is a wide low-pressure area approaching
Scandinavia from the west, and an associated frontal system passes over the Gulf of Finland from the south-
west. The heaviest snowfall in Hyytiälä originated from the thick cloud area associated with a warm front
reaching the area in the evening.

In Figure 5 the summary of derived snow microphysical properties is shown. As can be seen the ensemble
mean snow density varies between 0.1 and 0.3 g/cm3. In many cases the high values are reached during the
time periods when the median volume diameter approaches 0.1 cm. Furthermore, the low-density values
coincide with periods when relatively large snowflakes are observed. This pattern is the same for the previ-
ously discussed event. The rime mass fraction values do not exhibit a correlation with D0. This mean density
behavior is not surprising, since it is the function not only of FR but also of D0.

The radar and lidar observations recorded during this event are presented in Figure 6. The KAZR vertical
Doppler velocity shows particle fall velocities ranging from 1.5 to 2 m/s between 1730 and 1830 UTC and after
1900 UTC. These velocities indicate that the snowflakes observed during these periods are rimed [Mosimann,
1995; Barthazy and Schefold, 2006]. The rime mass fraction shows a local maximum of 0.2 starting just before
1630 and lasting until 1720 UTC, after which FR decreases to zero. At 1800 UTC the FR starts to increase again
and continues until the end of the event, where it reaches the value of 0.7. The comparison of FR and Doppler

MOISSEEV ET AL. THE EFFECT OF RIMING ON SNOWFALL 8

Comparison of RCS models
• DDA computations of 

different complex particle 
models  show similar 
results

• T-matrix with smaller axis 
ratios and narrow canting 
angle distributions agree 
better with DDA
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Falconi et al., 2018

• Comparison of 
measured and forward 
simulated Ze at X, Ka 
and W 

• The soft-spheroid 
particle model performs 
reasonably well, but has 
a tendency of requiring 
different aspect ratio at 
different frequencies 
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CHALLENGE / ALGORITHM DEVELOPMENT: 
ICE RETRIEVALS DURING RAIN
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• Melting layer (+ radome and rain) attenuation correction is 
needed

• Multi-frequency spectra observations show a promise in 
mitigating this challenge
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CHALLENGE / ALGORITHM DEVELOPMENT: 
ICE RETRIEVALS DURING RAIN
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• Using spectral dual-wavelength ratio  in rain and comparing it 
to sDWR in snow ML attenuation is retrieved.

• It is compared to ML attenuation estimated by matching X, 
Ka band observations at ice cloud top

(Li and Moisseev, 2018; in preparation)

Doppler spectra in rain and cloud top Doppler spectra in rain and ice
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SUMMARY
• Continuous observations of snow microphysics and multi-frequency 

radar observations are being collected at our measurement site 

• Used to test scattering models

• Retrieval methods 
• Uncertainty in Ze-S is frequency dependent, but can be reduced by 

using DWR

FUTURE PLANS
• Extending the analysis to the data from Canada CARE site (D. Hudak)

• Not mentioned in the talk: IKA radar observation combined with our 
m(D), PSD are used to generate gridded product for GPM GV

Please visit poster 215 for more information
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GRAUPEL SCATTERING PROPERTIES
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Estimated and measured snowfall rates


